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(54) Remote maintenance system 



(57) A maintenance monitor mechanism 300 com- 
prises of a maintenance control section 3 1 0 that controls 
and carries out remote maintenance of an apparatus- 
to-be-maintained ; a maintenance history storage unit 
320 that records maintenance history, and a display unit 
350. The maintenance control section 310 acquires the 
date and time of the maintenance last carried out from 
the maintenance history storage unit 320 and displays 
"Maintenance Not Problematic" the difference between 



the last maintenance date and time and the present date 
and time does not exceed a required maintenance in- 
terval or displays "Maintenance Problematic" if the dif- 
ference exceeds the interval. 

With said arrangement, it is possible to provide a 
remote maintenance system that informs the personnel 
in charge as to whether maintenance has been carried 
out surely and correctly and to definitely judge whether 
the apparatus is really in a usable condition. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a remote 
maintenance system that prevents possible failure of an 
apparatus or detects a failure caused, and relates par- 
ticularly to a remote maintenance system suitable for 
displaying the result of remote maintenance of genera! 
measuring equipment (hereinafter called an apparatus- 
to-be-maintained) including clinical inspection data an- 
alyzer or clinical inspection data processor. 
[0002] Lately, with the advancement of network tech- 
nology, it becomes easier to maintain an analyzer at a 
remote location through a network. Since the capacity 
of analyzer for clinical inspection has enhanced, effect 
on medical treatment resulting from a failure of analyzer 
has become more serious and it becomes necessary to 
find out the cause of the failure and, upon occurrence, 
repair the failure as soon as possible. For this reason, 
it becomes important to automate failure prevention by 
means of remote maintenance through a network and, 
further more, carry out real-time repair activities upon 
occurrence of a failure. 

[0003] A known conventional remote maintenance 
system, for example, as disclosed in Japanese Applica- 
tion Patent Laid-Open Publication No. HEI 6-62130 
(1994), has been such that a medical apparatus and a 
center in charge of the maintenance, inspection and 
management of the apparatus are connected by a tele- 
phone line and, when a failure detected in the medical 
apparatus is sent to the center a repair command is sent 
from the center to the medical apparatus. 
[0004] The system disclosed in Japanese Application 
Patent Laid-Open Publication No. HEI 6-62130 (1994), 
however, involves a problem on assurance of the quality 
of maintenance because explicit indication is not con- 
sidered as to whether the apparatus has finally been 
maintained in a usable condition or when the apparatus 
becomes usable if it is under maintenance. For the per- 
sons engaged in clinical inspection who are in a position 
of managing the apparatus directly (hereinafter, those 
who directly manage the apparatus-to-be-maintained 
are genericatly called "personnel in charge"), it is nec- 
essary to operate the analyzer with the help of informa- 
tion not only on the progress of repair but on the result 
of repair and schedule of repair. In short, the repair result 
information and repair schedule information of the ap- 
paratus are very important to carry out clinical inspection 
in practice but the afore-mentioned prior art lacks in this 
information. 

[0005] The conventional system involves another 
problem on assurance of the quality of maintenance be- 
cause no consideration is given to possible uneasiness 
of the personnel in charge resulting from a lack of explicit 
indication as to whether sure and proper maintenance 
has really been carried out in the remote maintenance 
that is not attended with actual actions by operators. 



2 

Generally, in case of remote maintenance where main- 
tenance activities are automated, it holds true that the 
personnel managing the apparatus directly do not feel 
any progress of maintenance actually and so feel un- 

5 easy about the completion of maintenance because the 
personnel cannot confirm the quality of maintenance 
visually. In the past, the personnel in charge were able 
to assure themselves of the timing and progress of 
maintenance on an occasion of a visit of maintenance 

10 service persons and actual maintenance activities by 
them, and accordingly can feel the completion of main- 
tenance in actuality. In the remote maintenance, how- 
ever, the personnel cannot have this actual feeling. 
[0006] The object of the present invention is to provide 

15 a remote maintenance system which informs of the per- 
sonnel in charge that maintenance has beencarried out 
surely and properly and enables the personnel In charge 
to definitely judge whether the apparatus is really in a 
usable condition. 

20 

SUMMARY OF THE INVENTION 
[0007] 

25 (1 ) in order to realize the above object, the present 
invention provides a remote maintenance system in 
which a maintenance center in charge of remote 
maintenance is connected to an apparatus-to-be- 
maintained by a communication channel and a 
30 maintenance monitor mechanism is installed in the 
apparatus-to-be-maintained or on the communica- 
tion channel; wherein the maintenance monitor 
mechanism comprises of a maintenance control 
section that controls and carries out remote main- 
35 tenance of the apparatus-to-be-maintained , a main - 
tenance history storage unit that records mainte- 
nance history, and a display unit; and the remote 
maintenance system acquires the date and time of 
the maintenance last carried out from the mainte- 
40 nance history storage unit and displays "Mainte- 
nance Not Problematic" if the difference between 
the date and time of the maintenance and the cur- 
rent date and time does not exceed a required main- 
tenance interval ordisplays "Maintenance Problem- 
45 atic" if the difference exceeds the interval. 

With this configuration, it becomes possible to 
inform of the personnel in charge thai maintenance 
has been carried out surely and properly and enable 
the personnel in charge to definitely judge whether 
50 the apparatus is really in a usable condition. 

(2) That in (1 ) above is provided, wherein, prefera- 
bly, the date and time of the last maintenance out 
of those that were carried out with no problem found 
concerning utilization of the apparatus is used in- 

55 stead of the date and time of the maintenance last 
carried out. 

(3) That in (1 ) above is provided, wherein, prefera- 
bly, the system contains different required mainte- 
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nance intervals dependent upon the type of main- 
tenance controlled by the maintenance control sec- 
tion . and switches the required maintenance inter- 
val corresponding to each type of maintenance and 
displays "Maintenance Problematic/Not Problemat- 5 
ic". 

(4) That in (1) above is provided, wherein, prefera- 
bly, the system displays restrictions concerning uti- 
lization of the apparatus in case of "Maintenance 
Problematic". 10 

(5) That in (1) above is provided, wherein, prefera- 
bly, the system displays current status if mainte- 
nance activity is being carried out in case of "Main- 
tenance Problematic". 

(6) That in (5) above is provided, wherein, prefera- »5 
bly, if any restriction concerning utilization of the ap- 
paratus is caused, the system displays the restric- 
tion. 

(7) That in (1) above is provided, wherein, prefera- 
bly, at the request of an operator, the system judges 20 
whether the difference exceeds the required main- 
tenance interval and displays accordingly. 

(8) That in (1) above is provided, wherein, prefera- 
bly, the system judges whether the battery in the 
maintenance monitor mechanism or in the appara- 25 
tus-to-be-maintained has run down and displays 

the result of the judgment. 

(9) That in (1) above is provided, wherein, prefera- 
bly, the system judges whether the current date and 
time of the timer in the maintenance monitor mech- 30 
anism or in the apparatus-to-be-maintained is cor- 
rect and displays the result of the judgment. 

(10) That in (1) above is provided, wherein, prefer- 
ably, the system is equipped with a GPS (Global Po- 
sitioning System) installed inside a mobile vehicle 35 
in charge of maintenance activity, and transmits and 
displays the current position data of the mobile ve- 
hicle from the GPS to the display unit via the com- 
munication channel. 

(11) That in (1) above is provided, wherein, prefer- *o 
ably, the system calculates the hours required until 

the arrival of the mobile vehicle at the location of the 
apparatus-to-be-maintained, and transmits and dis- 
plays the required hours on the display unit. 

(1 2) That in (1 ) above is provided, wherein, prefer- 
ably, the system is equipped with a maintenance 
history storage unit installed in the maintenance 
center, and, 

when the communication channel between 
the maintenance center and the apparatus-to-be- so 
maintained is connected, compares the mainte- 
nance history recorded in the maintenance history 
storage unit in the maintenance center at the last 
connection of the communication channel to the 
maintenance history recorded in the maintenance 55 
history storage unit in the maintenance monitor 
mechanism, and carries out remote maintenance if 
the two records agree with each other or shuts down 



the communication channel if not. 

(13) That in (1) above is provided, wherein, prefer- 
ably, the system displays the maintenance histories 
in the maintenance history storage unit on the dis- 
play unit. 

(14) That in (1) above is provided, wherein, prefer- 
ably, the system displays the required maintenance 
interval, current time of the timer, and maintenance 
history in the maintenance history storage unit, ei- 
ther in strings of numeric numbers of the frequency 
distribution calculated per specified unit time or in 
a form of distribution histogram charting the strings 
of numeric numbers in time series, on the display 
unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Fig. 1 is a block diagram showing the configuration 
of a remote maintenance system according to an 
embodiment of the present invention: 
Fig. 2 is a flowchart showing the maintenance mon- 
itor processing operation by a maintenance monitor 
mechanism of a remote maintenance system ac- 
cording to an embodiment of the present invention: 
Fig. 3 is an explanatory sketch showing an example 
of display on a display unit in a remote maintenance 
system according to an embodiment of the present 
invention: 

Fig. 4 is an explanatory sketch showing an example 
of display on a display unit in a remote maintenance 
system according to an embodiment of the present 
invention: 

Fig. 5 is a flowchart showing the maintenance 
processing operation by a maintenance center of a 
remote maintenance system according to an em- 
bodiment of the present invention; and 
Fig. 6 is a block diagram showing the configuration 
of a remote maintenance system according to an- 
other embodiment of the present invention 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

[0009] The configuration and operation of a remote 
maintenance system according to an embodiment of the 
present invention are explained hereunder, using Fig. 1 
to Fig. 5. 

[0010] First, the configuration of a remote mainte- 
nance system according to an embodiment of the 
present invention is explained, using Fig. 1. 
[0011] Fig. 1 is a block diagram showing the configu- 
ration of the remote maintenance system according to 
an embodiment of the present invention. 
[0012] A maintenance monitor mechanism 300 that 
carries out and monitors remote maintenance and a 
maintenance management section 201 that manages 
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individual apparatus-to-be-maintained in a mainte- 
nance center 200 at a remote location are connected by 
a communication channel 100. 
[0013] The maintenance monitor mechanism 300 is 
equipped with a maintenance control section 31 0, main- 
tenance history storage unit 320, timer 330, comparator 
340, and display unit 350. The maintenance control sec- 
tion 31 0 carries out maintenance of an apparatus-to-be- 
maintained 400. The maintenance control section 310 
carries out maintenance of the apparatus-to-be-main- 
tained 400 in reply to a maintenance command from the 
maintenance management section 201 or on its own in- 
itiative. 

[0014] Here., the apparatus-to-be-maintained 400 in- 
cludes, for example, analyzer and data processor used 
in clinical inspection. Analyzer means, for example, a 
biochemical analyzer in which specimen and reagent 
are mixed together and the absorbance of the mixture 
is measured by a multi-wavelength photometer set at a 
suitable wavelength for each analysis item. An analyzer 
like the above comprises of a mechanism for placing a 
specimen separately into a reaction container, mecha- 
nism for pouring reagent into the reaction container, 
mechanism for stirring the mixture in the reaction con- 
tainer, multi-wavelength photometer for measuring the 
absorbance of the mixture in the reaction container, 
mechanism for washing the reaction container after use, 
operating section for entering analysis items required for 
each specimen and instructing start or end of the anal- 
ysis, and the like. Data processor connected to an ana- 
lyzer by a communication line, for example, sends the 
request information to the analyzer as to which speci- 
men is to be analyzed on what analysis item and re- 
ceives the result information as to what result is obtained 
from which specimen, enabling to enter, store, update 
and report the above information. 
[0015] When maintenance has been carried out, the 
maintenance control section 310 of the maintenance 
monitor mechanism 300 records the history in the main- 
tenance history storage unit 320. Record contains the 
date and time of the maintenance and whether any prob- 
lem is found in the apparatus-to-be-maintained through 
the maintenance. 

[0016] The comparator 340 acquires the current date 
and time from the timer 330 that clicks and indicates 
date and time on real time. The date and time informa- 
tion contains current year, month, day, hour, minute, and 
second. Further, the comparator 340 acquires the date 
and time of the maintenance last carried out (hereinafter 
called the last maintenance date and time) from the 
maintenance history storage unit. The comparator 340 
calculates the difference between the acquired current 
date and time and last maintenance date and time, and 
displays "Maintenance Not Problematic" on the display 
unit 350 if the difference does not exceed a required pe- 
riodic maintenance interval or displays "Maintenance 
Problematic" on the display unit 350 if the difference ex- 
ceeds the interval. An interval of maintenance to be car- 



ried out next is specified in periodic maintenance and, 
if none is carried out within this interval, it means delay 
of maintenance. In order to inform that the quality of pe- 
riodic maintenance has been lost, "Maintenance Prob- 

5 lematic" is displayed on the display unit 350. 

[0017] The maintenance monitor processing opera- 
tion by the maintenance monitor mechanism 300 of the 
remote maintenance system according to the embodi- 
ment is explained hereunder using Fig. 2 to Fig. 4. 

10 [0018] Fig. 2 is a flowchart showing the maintenance 
monitor processing operation by the maintenance mon- 
itor mechanism 300 of a remote maintenance system 
according to an embodiment of the present invention. 
Figs. 3 and 4 are explanatory sketch showing an exam- 

15 pie of display on the display unit in a remote mainte- 
nance system according to an embodiment of the 
present invention. 

[0019] First, in step S100, the maintenance control 
section 300 of the maintenance monitor mechanism 310 

20 waits for one minute. That is, the maintenance monitor 
processing of the embodiment operates in one-minute 
cycle. This cycle is not necessarily be limited to one 
minute but can be shorter or longer than one minute pro- 
vided that the freshness of the maintenance quality dis- 

25 played meets the requirement. An object of await in step 
S100 can be anything that generally provides updating 
timing. For example, waiting until a specified time or 
waiting for an explicit command from the operator is ac- 
ceptable. 

30 [0020] Next, in step S110, after the wait time in step 
S100 has elapsed, the maintenance control section 310 
acquires the present date and time and stores it in reg- 
ister A. 

[0021] Next, in step S120 : the maintenance control 

35 section 310 judges whether the maintenance history 
storage unit 320 is empty or not. When the maintenance 
monitor mechanism 300 is first operated after installa- 
tion in a system, the maintenance history storage unit 
320 is empty because no maintenance has ever been 

40 carried out. Besides, it is anticipated that the mainte- 
nance history storage unit is made empty by some 
chance by illegal hacking. If the maintenance history 
storage unit 320 is empty as above, the processing pro- 
ceeds to step S170 and non-existence of maintenance 

45 history is displayed on the display unit 350. If not empty, 
the processing proceeds to step S130. 
[0022] If the processing in step S130, which is to be 
explained later, is changed so as to acquire the date and 
time of the last maintenance out of those that were car- 

50 ried out with no problem found in the apparatus-to-be- 
maintained, there may be a case where no applicable 
maintenance history is stored. Existence of such history 
is checked in step S120 and, if none, non-existence is 
displayed in step S1 70. 

55 [0023] If the maintenance history storage unit 320 is 
not empty, in step 130, the maintenance control section 
310 acquires the date and time of the maintenance last 
carried out from the maintenance history storage unit 
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230 and stores it in register B. It is possible to change 
this step S130 so as to acquire the date and time of the 
last maintenance out of those that were carried out with 
no problem found in the apparatus-to-be-maintained. 
With this change, more practical quality of maintenance 
can be displayed. 

[0024] Next, in step S140, the maintenance control 
section 310 compares the time difference (A-B) be- 
tween the present date and time, stored in register A, 
and the date and time of the maintenance last carried 
out, stored in register B, to a periodic maintenance in- 
terval. Here, (A-B) represents the time that has elapsed 
with no maintenance carried out. The processing pro- 
ceeds to step S160 if the time exceeds the periodic 
maintenance interval, or to step S150 if not. 
[0025] If the time (A-B) that has elapsed with no main- 
tenance carried out exceeds the periodic maintenance 
interval, it means that periodic maintenance has not 
been carried out punctually. Accordingly, in step S160, 
the maintenance control section 310 displays "Mainte- 
nance Problematic" on the display unit 350. 
[0026] If the time does not exceeds the interval, it 
means that periodic maintenance has been carried out 
punctually and that the apparatus-to-bc-maintained is 
not problematic. Accordingly, in step S150, the mainte- 
nance control section 310 displays "Maintained and In- 
spected" on the display unit 350. 
[0027] An example of display concerning "Mainte- 
nance Not Problematic" is explained hereunder, using 
Fig. 3. 

[0028] In order to show that no failure is found in main- 
tenance and inspection, "Maintained and Inspected" is 
displayed on a maintenance condition display area 352. 
In order to show the status of periodic maintenance in 
detail, the present date and time is displayed on a dis- 
play area 354 and the date of the maintenance last car- 
rier out or date of the last maintenance out of those that 
were carried out with no problem found in the apparatus- 
to-be-maintained is displayed on a display area 356. 
[0029] The purpose of displaying the present date and 
time on the display area 354 is not only to visually con- 
firm the difference from the last maintenance and in- 
spection date but to visually check normal operation of 
the timer 330 and to monitor the date and time which 
may have been altered by some chance by illegal hack- 
ing. In particular, considering a risk of data crack by il- 
legal hacking as in the latter case, it will be preferable 
to show the contents of the maintenance history storage 
unit or pre-determined periodic maintenance interval. 
[0030] The timer 330 may operate incorrectly and dis- 
play other past date and time than the present, resulting 
from running down or the like of a battery driving the 
timer. Since the time difference (A-B) in step S140 is 
shown as a negative value on this occasion, displaying 
an alarm in case (A-B) is negative enables to report the 
above failure of the timer 330 indirectly. 
[0031] Another means for detecting incorrect opera- 
tion of the timer 330 would be such that the maintenance 



center 200 accesses the maintenance monitor mecha- 
nism 300 by communication 1 00, reads the indication of 
the timer 330, and judges whether the difference be- 
tween the indication and the present time controlled by 

5 the maintenance center is within an allowable limit. Dis- 
playing this error on the display unit 350 or reporting it 
to the operator in the maintenance center if not allowa- 
ble enables to prevent an error of the timer 300. Besides, 
since the timer 330 is normally driven by a battery inside, 

10 incorrect operation of the timer 330 can be prevented 
by checking whether the battery driving the timer has 
run down instead of checking the present time acquired 
from the timer. 

[0032] The timer 330 is located inside the mainte- 

15 nance monitor mechanism 300 in an example shown in 
Fig. 1 but not limited thereto, and, for example, it is ac- 
ceptable to commonly use a timer incorporated in the 
apparatus-to-be-maintained. The contents of the main- 
tenance history storage unit 320 are displayed by de- 

20 scriptions in character strings but some other ways are 
also acceptable; displaying a total number of times of 
maintenance or displaying a number of times of main- 
tenance by a chart in time series. 
[0033] Next, an example of display concerning "Main- 

25 tenance Problematic" is explained hereunder, using Fig. 
4. In order to show that a problem is found in mainte- 
nance, "Maintenance and Inspection Required" is dis- 
played on the display area 352 of the display unit 350. 
The present status of the required action and the ex- 

30 pected date of repair are also displayed on a display ar- 
ea 358. This example shows that the parts necessary 
for repair are on the way of transportation and the repair 
is scheduled for completion at 1 1 :00 on January 1 , 2000. 
[0034] Pieces of information displayed as above can 

35 be more accurate by using, through the communication 
channel 1 00, the latest information on the maintenance 
activities accumulated in the maintenance center 200. 
Besides, it wilt be preferable to display a scheduled visit 
of a maintenance service person so as to inform of ex- 

40 pected completion of repair. It wilt also be preferable by 
way of preventive maintenance to display a notice about 
a part that is judged advisably necessary to be replaced 
soon. 

[0035] The date and time is displayed in a clock format 
45 (year, month, day, hour, minute, and second) in the ex- 
amples above, but remaining hours until the target date 
and lime can be utilized instead. For example, it will be 
preferable to display the remaining hours until when a 
maintenance service person visits or remaining hours 
50 until when the next maintenance is carried out. 

[0036] Whether maintenance is problematic or not is 
expressed in character strings in the examples above, 
but other ways of display will also be acceptable. In ad- 
dition, it will be preferable to utilize explicit perceptible 
55 means such as color, graphics, animation, alarm sound 
and light as a means for describing a problem in main- 
tenance and inspection. With these means, more effec- 
tive report of the problem can be issued. As a more di- 
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rect means, notice by a pager, e-mail or voice message 
will be preferable. 

[0037] In order to improve the quality of periodic main- 
tenance displayed, it is preferred in acquiring the last 
maintenance date not to simply find out the mainte- 
nance last carried out but to find out the last periodic 
maintenance out of those that were carried out with no 
problem found in the apparatus-to-be-maintained, thus 
enabling to report a status even with unsolved problem 
to the personnel in charge. 

[0038] Although it is periodic maintenance that is dis- 
played of its maintenance quality in the example above, 
the quality of occasional maintenance can also be dis- 
played as more general maintenance provided that the 
history is stored in the maintenance history storage unit 
and the periodic maintenance interval applied in the 
comparator 340 is replaced with an interval allowable to 
the personnel in charge. With the help of the displayed 
information as above, the personnel in charge can easily 
understand the quality of remote maintenance of the ap- 
paratus. 

[0039] In general remote maintenance, a piece of op- 
erating information of an apparatus-to-be-maintained is 
referred to and a system makes a judgment of carrying 
out an actual maintenance action if a calculated value 
concerning the information exceeds an allowable limit. 
Operating information means record of the condition of 
an apparatus-to-be-maintained while the power to the 
apparatus is on. The operating information includes pe- 
riodic maintenance information necessary for carrying 
out periodic inspection of the apparatus, failure informa- 
tion on failures detected and recorded by the apparatus 
automatically, and analytical environment tracing infor- 
mation collected by an analyzer in carrying out an anal- 
ysis. The periodic maintenance information includes op- 
erating hours of the apparatus, number of times of op- 
eration of a special mechanism such as a syringe mech- 
anism for placing a specimen separately, and history of 
the maintenance carried out manually by the personnel 
in charge. The failure information includes record of 
alarm codes corresponding to a failure detected by the 
apparatus and record of parameters upon occurrence 
of the failure. The analytical environment tracing infor- 
mation includes operating record of the mechanism, 
alarm on the measured data, and parameters needed 
for the calculation of the measured data. The operating 
information as above is interpreted in the maintenance 
control section 310 or maintenance management sec- 
tion 21 0 to a certain judgment criterion and linked to the 
maintenance activities, such as replacement of parts of 
the apparatus : as needed. It is not always limited to a 
judgment of the operation information that is covered by 
the remote maintenance according to this embodiment, 
but general maintenance activities of the apparatus-to- 
be-maintained that can be operated from a remote point 
are covered. 

[0040] It is only one set of maintenance monitor mech- 
anism 300 that is connected to the maintenance center 



200 in an example shown in Fig. 1 , but not always limited 
thereto. Generally, multiple analyzers or data proces- 
sors in multiple hospitals or analysis centers are con- 
nected to the maintenance center 200. Besides, multiple 

5 maintenance centers can be installed for different types 
of maintenance. In addition, the maintenance monitor 
mechanism and the apparatus-to-be-maintained are 
separate in Fig. 1 but it is not always necessary. For ex- 
ample, whole or part of the maintenance monitor mech- 

10 anism can be incorporated in the apparatus-to-be-main- 
tained. In this case, for example, the display unit 350 
can be realized by common use of a display unit origi- 
nally installed on the apparatus-to-be-maintained. It is 
also acceptable that the maintenance monitor mecha- 

15 nism is included in the maintenance center, where the 
maintenance monitor mechanism is connected to one 
or more apparatuses M. In other way, the maintenance 
monitor mechanism may be connected to multiple ap- 
paratuses M and displays the quality of maintenance of 

20 the multiple apparatuses. In this case, each apparatus 
can be equipped with a maintenance history storage unit 
320 and a comparator 340 so as to monitor each appa- 
ratus differently. In a similar way as above, occasional 
maintenance can be monitored of its performance as is 

25 the periodic maintenance if a maintenance history stor- 
age unit is installed separately and occasional mainte- 
nance information is inputted through the maintenance 
center or from a data entry device of the maintenance 
monitor mechanism. 

30 [0041] Further there may happen a case where the 
periodic maintenance interval is different among multi- 
ple maintenance services to be carried out for the same 
apparatus-to-be-maintained. Even in this case, it be- 
comes possible to carry out and monitor multiple main- 

35 tenance services of various types if a periodic mainte- 
nance interval applied in the comparator 340 is kept for 
each type of maintenance service and the applicable pe- 
riodic maintenance interval is added to the history infor- 
mation in the maintenance history storage unit. Even in 

40 a case where a single maintenance service is to be car- 
ried out but the applicable periodic maintenance interval 
needs to be modified, it becomes possible if a data entry 
device for the modification is provided on the mainte- 
nance monitor mechanism or the periodic maintenance 

45 interval is modified from the maintenance center by re- 
mote communication. 

[0042] Next, the maintenance processing operation 
by the maintenance center 200 of the remote mainte- 
nance system according to the embodiment is explained 

50 hereunder using Fig. 5. 

[0043] Fig. 5 is a flowchart showing the maintenance 
processing operation by the maintenance center of a re- 
mote maintenance system according to an embodiment 
of the present invention. 

55 [0044] First, in step S200, the maintenance manage- 
ment section 201 of the maintenance center 201 waits 
for a primary factor for carrying out remote maintenance. 
Remote maintenance is carried out due to a primary fac- 
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tor that the maintenance service personnel of the main- 
tenance center needs to carry out maintenance for 
emergency, maintenance (including periodic mainte- 
nance) is to be carried out automatically at a timing pre- 
determined by the maintenance center, or a request for 
maintenance (including periodic maintenance if periodic 
maintenance control is included in the maintenance 
monitor mechanism) is issued from the maintenance 
monitor mechanism installed at the apparatus-to-be- 
maintained. 

[0045] When one of the above is caused, the mainte- 
nance management section 201 connects the line in 
step S210. 

[0046] Next, in step S220, the maintenance manage- 
ment section 201 identifies a user station on the other 
end of the line by the connection address of the line or 
the apparatus ID (a unique identifier for identifying each 
apparatus) held in the maintenance monitor mechanism 
or apparatus-to-be-maintained. Particularly when the 
line is connected at the request of the maintenance cent- 
er, whether the identified user station is identical with 
the expected user station is checked. If it is identical, 
the processing proceeds to step S230 and, if not, to step 
S260. 

[0047] Even when the line is connected at the request 
of others than the maintenance center, a similar 
processing is operated so as to ensure that the user sta- 
tion on the line is registered in the maintenance center 
as an apparatus-to-be-maintained. 
[0048] After the user station is identif ied as above, the 
maintenance management section 201 then identifies 
the user station by the maintenance history in step 
S230. If a remote maintenance service had been carried 
out at the time of previous line connection, maintenance 
history in the maintenance history storage unit must 
have been acquired already. So, the maintenance his- 
tory acquired at that time is compared to the mainte- 
nance history of the user station in question. If they are 
identical, the processing proceeds to step S240 and, if 
not, to step S260. 

[0049] If the two histories are identical, the user sta- 
tion can be identified as the expected user station. So, 
instep S240, the maintenance management section 201 
carries out a remote maintenance service. 
[0050] Then, in step S240, the maintenance manage- 
ment section 201 acquires the maintenance history. 
[0051] After the above, in step S270, the maintenance 
management section 201 disconnects the line. 
[0052] If a judgment either in step S220 or in step 
S230 results in no identity, it is likely that the mainte- 
nance history storage unit has been illegally modified or 
the connection is made with a wrong user station . In step 
S260, therefore, the maintenance management section 
201 reports impossibility of identification to the mainte- 
nance service personnel so as to initiate investigation 
and remedial action by maintenance service persons 
[0053] Detection of no identity as above can be fed 
back to the apparatus-to-be-maintained so as to display 



"Maintenance Problematic" on the display unit 350. 
[0054] Then, in step S270, the maintenance manage- 
ment section 201 disconnects the line. 
[0055] Comparison of the maintenance history can be 

5 that of the last maintenance history, several latest ones, 
whole, or part. In case a maintenance center is engaged 
only in specific maintenance, only those specific main- 
tenance histories can be picked up for comparison. 
[0056] According to the embodiment, as explained 

10 above, by acquiring the date and time of the mainte- 
nance last carried out from the maintenance history stor- 
age unit and displaying "Undergone Periodic Mainte- 
nance" if the difference between the above and the cur- 
rent date and time does not exceed, a periodic mainte- 

15 nance interval or displaying "Periodic Maintenance Re- 
quired" if the difference exceeds the interval, it becomes 
possible to inform the personnel in charge clearly that 
the quality of the apparatus-to-be-maintained has been 
kept assured by the maintenance. In other words, since 

20 the result of periodic maintenance is checked into the 
history and then the quality is displayed, the personnel 
in charge can easily confirm that the quality has been 
kept assured. This method applies not only to periodic 
maintenance but to occasional maintenance, wherein 

25 the quality can also be displayed as above and accord- 
ingly the personnel in charge can easily confirm the 
quality if necessity and completion of maintenance are 
reflected on the maintenance history as needed. 
[0057] The same effect as above can be expected by 

30 acquiring the date and time of the last maintenance out 
of those that were carried out with no problem of the 
apparatus found from the maintenance history storage 
unit and checking the difference between the above and 
the present date and time in the same manner as ex- 

35 plained above. 

[0058] Where specific maintenance is under way in 
the maintenance control section, if present status of the 
maintenance, restriction on utilization of apparatus, and 
expected completion date and time of the maintenance 

40 are displayed on the display unit, the personnel in 
charge can easily predict a timing of release from the 
restriction on utilization of the apparatus due to the 
maintenance. Further, where an actual maintenance ac- 
tion (e.g. replacement of parts) is needed, if detailed re- 

45 striction on utilization of apparatus resulting from the 
maintenance and expected timing of release from the 
restriction are displayed, the personnel in charge can 
form an alternative plan more easily and loss due to the 
restriction can be made minimal. 

so [0059] If the content of the maintenance history stor- 
age unit is kept in the maintenance center each time 
when a maintenance command is issued from the main- 
tenance center and a maintenance history is recorded 
in the maintenance history storage unit, and if it is en- 
55 sured at the next time when the apparatus is connected 
to the maintenance monitor mechanism for mainte- 
nance that the content of the maintenance history stor- 
age unit has not been changed, it becomes possible to 
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ensure that the maintenance monitor mechanism has 
not been utilized illegally for other purposes and that the 
user station connected from the maintenance center via 
the communication channel is correct. 
[0060] Beside, if multiple apparatuses M are connect- 5 
ed and/or multiple maintenance centers for different pur- 
poses of maintenance are installed, coverage and effi- 
ciency of maintenance can be enhanced. There may be 
a case where maintenance requires multiple inspec- 
tions with different periodic maintenance interval but this 
diversification in maintenance can also be managed if 
multiple periodic maintenance intervals are prepared 
and assured implementation of maintenance in those in- 
tervals is monitored. Display of the quality of mainte- 
nance must not always be periodic but, for example, the 
quality may be displayed from time to time by the re^_ 
quest of the personnel in charge by pressing a key or 
switch. Thus, the personnel in charge can recognize the 
quality of maintenance on a timely basis. 
[0061 ] In identifying an apparatus to be maintained by 
remote maintenance, comparing the maintenance his- 
tory in the maintenance history storage unit with that in 
the maintenance center enables not only to ensure iden- 
tification of the apparatus-to-bo-maintainod and prevent 
deterioration of the quality of the apparatus resulting 
from possible maintenance on wrong apparatus-to-be- 
maintained but also to ensure that the maintenance 
function has not been utilized illegally through the net- 
work and, if it has been, cooperate in taking necessary 
actions so as to prevent illegal utilization. 
[0062] Further more, displaying the contents of the 
maintenance history storage unit, periodic maintenance 
interval, current time of the timer, and histogram of 
number of times of maintenance enables to check and 
ensure that maintenance has been carried out surely 
and no illegal utilization has been made. Besides, check 
of running down of a battery driving the timer and check 
of the present time of the timer enable to monitor main- 
tenance more strictly. Displaying the content of the 
maintenance history storage unit allows the personnel 
in charge to recognize the progress of maintenance. 
[0063] Next, the configuration and operation of a re- 
mote maintenance system according to another embod- 
iment of the present invention is explained hereunder, 
using Fig. 6. 

[0064] Fig. 6 is a block diagram showing the configu- 
ration of the remote maintenance system according to 
another embodiment of the present invention. The same 
symbol as in Fig. 1 represents the same portion. 
[0065] A maintenance monitor mechanism 300 is 
connected, via a communication channel 450, to multi- 
ple apparatuses M: analyzers 401 and 402, and data 
processor 403. The maintenance monitor mechanism 
300 monitors maintenance of these three apparatuses. 
[0066] A maintenance center 200 is connected, via a 
communication channel 1 01 , to a GPS (Global Position- 
ing System) 501 inside a maintenance service car 500. 
It is possible to determine, with the aid of the GPS 501 , 



where the maintenance service car is located at present 
and send and display the geographical information or 
expected arrival time at an apparatus-to-be-maintained 
on the maintenance monitor mechanism via the main- 
tenance center 200. With this function, even in case an 
apparatus has failed and a maintenance service such 
as replacement of parts is needed, the user of the ap- 
paratus can precisely predict the time of recovery from 
the failure and, by forming a plan based on the predic- 
tion, deterioration of medical services resulting from the 
failure can be made minimal. 

[0067] According to the embodiment, in addition to the 
effect of the embodiment as explained above, accuracy 
in predicting the expected completion of maintenance 
can be further improved by calculating the expected ar- 
rival time from the geographical position of a mainte- 
nance person or maintenance parts on the GPS. 
[0068] Displaying the two-dirnensional geographical 
information and current position information from the 
GPS on the display unit as they are allows the personnel 
in charge to feel safer. 

[0069] According to the present invention, it is possi- 
ble to inform the personnel in charge as to whether 
maintenance has been carried out surely and correctly 
and enable to definitely judge whether the apparatus is 
really in a usable condition. 

Claims 

1. A remote maintenance system in which a mainte- 
nance center in charge of remote maintenance is 
connected to an apparatus-to-be-maintained by a 
communication channel and a maintenance moni- 
tor mechanism is installed in the apparatus-to-be- 
maintained or on the communication channel; 
wherein 

the maintenance monitor mechanism com- 
prises of 

a maintenance control section that controls and 
carries out remote maintenance of the appara- 
tus-to-be-maintained, 

a maintenance history storage unit that records 
maintenance history, and 
a display unit; and 

the remote maintenance system acquires the 
date and time of the maintenance last carried 
out from the maintenance history storage unit 
and displays "Maintenance Not Problematic" if 
the difference between the date and time of the 
maintenance and the current date and time 
does not exceed a required maintenance inter- 
val or displays "Maintenance Problematic" if the 
difference exceeds the interval. 

2. A remote maintenance system according to Claim 
1 , wherein 
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the date and time of the last maintenance out 
of those that were carried out with no problem found 
concerning utilization of the apparatus is used in- 
stead of the date and time of the maintenance last 
carried out. 

3. A remote maintenance system according to Claim 
1 , wherein 

the system contains different required main- 
tenance intervals dependent upon the type of main- 
tenance controlled by the maintenance control sec- 
tion; and switches the required maintenance inter- 
val corresponding to each type of maintenance and 
displays "Maintenance Problematic/Not Problemat- 
ic". 

4. A remote maintenance system according to Claim 
1 , wherein 

the system displays restrictions concerning 
utilization of the apparatus in case of "Maintenance 
Problematic". 

5. A remote maintenance system according to Claim 
1 , wherein 

the system displays current status if mainte- 
nance activity is being carried out in case of "Main- 
tenance Problematic". 

6. A remote maintenance system according to Claim 
5, wherein, 

if any restriction concerning utilization of the 
apparatus is caused, the system displays the re- 
striction. 

7. A remote maintenance system according to Claim 
1, wherein, 

at the request of an operator, the system judg- 
es whether the difference exceeds the required 
maintenance interval and displays accordingly. 

8. A remote maintenance system according to Claim 
1, wherein 

the system judges whether the battery in the 
maintenance monitor mechanism or in the appara- 
tus-to-be-maintained has run down and displays 
the result of the judgment. 

9. A remote maintenance system according to Claim 
1, wherein 

the system judges whether the current date 
and time of the timer in the maintenance monitor 
mechanism or in the apparatus-to-be-maintained is 
correct and displays the result of the judgment. 

10. A remote maintenance system according to Claim 
1 , wherein 

the system is equipped with a GPS (Global 
Positioning System) installed inside a mobile vehi- 



cle in charge of maintenance activity, and transmits 
and displays the current position data of the mobile 
vehicle from the GPS to the display unit via the com- 
munication channel. 

5 

11. A remote maintenance system according to Claim 
1 , wherein 

the system calculates the hours required until 
the arrival of the mobile vehicle at the location of the 
io apparatus-to-be-maintained, and transmits and dis- 
plays the required hours on the display unit. 

12. A remote maintenance system according to Claim 
1 , wherein 

is the system is equipped with a maintenance 

history storage unit installed jnjhe maintenance 
center, and, 

when the communication channel between 
the maintenance center and the apparatus-lo-be- 

20 maintained is connected, compares the mainte- 
nance history recorded in the maintenance history 
storage unit in the maintenance center at the last 
connection of the communication channel to the 
maintenance history recorded in the maintenance 

25 history storage unit in the maintenance monitor 
mechanism, and carries out remote maintenance if 
the two records agree with each other or shuts down 
the communication channel if not. 

30 13. A remote maintenance system according to Claim 
1 , wherein 

the system displays the maintenance histo- 
ries in the maintenance history storage unit on the 
display unit. 

35 

14. A remote maintenance system according to Claim 
1 , wherein 

the system displays the required mainte- 
nance interval, current time of the timer, and main- 

40 tenance history in the maintenance history storage 
unit, either in strings of numeric numbers of the fre- 
quency distribution calculated per specified unit 
time or in a form of distribution histogram charting 
the strings of numeric numbers in time series, on 

45 the display unit. 
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to-be-maintained (400), a maintenance history storage 
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and the present date and time does not exceed a re- 
quired maintenance interval or displays "Maintenance 
Problematic" if the difference exceeds the interval. 

With said arrangement, it is possible to provide a 
remote maintenance system that informs the personnel 
in charge as to whether maintenance has been carried 
out surely and correctly and to definitely judge whether 
the apparatus is really in a usable condition. 
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